colon. However, it must be pointed out that in these cases of acute severe UC, a high 1-year colectomy rate of up to 50% should be anticipated [4] [5] [6] .
Activity-Adapted Therapy in Standard Situations -Patients with Mild to Moderate Activity
Recent guidelines concerning the medical treatment and management of active UC recommend an activity-adapted approach. Treatment decisions should be based on disease activity and distribution (proctitis, left-sided, extensive colitis) [7] . It is important to note that all treatment decisions should be planned and discussed in detail with the patient. For a successful therapy, patient compliance is critical [8] , which has been shown in several studies; a significant amount of UC flare-ups are caused by a lack of patient adherence, especially when complicated or uncomfortable treatment regimens are used [9] . Therefore, the importance of choice of therapy and consecutive patient compliance needs to be addressed to avoid unsatisfactory responses to treatment and relapses caused by non-adherence [10] .
The first clinical consideration in the management of patients with active UC is to confirm disease activity and exclude alternative diagnoses. During disease flare-ups in particular gastrointesti- Fig. 1 . Physiopathology of ulcerative colitis. Under normal conditions, the intestinal homeostasis is regulated by several mechanisms. Disturbance of this balance triggers the chronic inflammatory process found in ulcerative colitis. During early inflammation, an increasing barrier defect with uncontrolled uptake of foreign luminal antigens (bacteria, bacterial products) leads to the activation of different innate immune cells located in the intestine, including natural killer cells, mast cells, neutrophils, macrophages, and dendritic cells (DC). An excessive, uncontrolled inflammatory reaction promotes further the activation of the adaptive immune response. Abnormally activated effector CD4 + T helper (Th) cells synthetize and release different inflammatory mediators that generate the vicious circle of inflammation that leads to chronic tissue injury and epithelial damage. Red arrows indicate blockade of proinflammatory mechanisms, green arrows indicate substitution or replacement of protective agents like phosphatidylcholine (PC) or beneficial bacteria by fecal microbiota transfer (FMT). IL = Interleukin; Treg = regulatory T cells; TLRs = Toll-like receptors; PMNs = polymorphonuclear leukocytes. nal infections must be excluded; especially assays for Clostridium difficile and cytomegalovirus infection should be requested in view of the rising incidence and association of these infections with increased mortality in patients with UC. If active colitis is considered as the main cause of symptoms, therapy should be induced promptly. There is a plethora of different clinical scoring systems used in clinical trials; however, for daily practice it is most important to differentiate between patients with mild or moderate activity and those with severe UC. Patients with severe disease should be hospitalized. Hospitalization should be considered for all patients who have more than 6-10 bloody stools per day, associated with fever, tachycardia, or an increase in erythrocyte sedimentation rate (ESR) according to the criteria of Truelove and Witts [11] .
Mild to Moderate Activity in Proctitis
If mild to moderate inflammation is limited to the rectum, topical treatment with mesalamine is the first-line therapy. Marshall et al. [12] confirmed the superiority of this treatment in inducing remission. The preferred treatment is 1-g mesalamine suppositories once daily, since Andus et al. [13] demonstrated non-inferiority of this approach to divided doses. Additionally, there is no dose response above 1 g mesalamine per day. Topical steroids can be used as second-line therapy since topical mesalamine is superior to rectal corticosteroids [14] , or as an alternative for patients with intolerance to topical mesalamine [15] . Safdi et al. [16] postulated that combined topical and oral mesalamine treatment seems to be more effective; however, this study included patients with leftsided colitis also. Currently, there is a lack of studies for only proctitis treated with a combination of oral and topical mesalamine. A combination of topical mesalamine and topical steroid appears to be more effective than either agent alone [17] . Patients who fail to respond to the regimens above require additional treatment with oral prednisolone.
Left-Sided Colitis
The recommended treatment for mild to moderate distal/leftsided UC is a combination of topical mesalamine enemas/foams 1 g/day and oral mesalamine >2 g/day [7, 15] . Combined therapy showed significantly higher efficacy in disease improvement and led to faster improvement of rectal bleeding [16, 18] . Furthermore, topical mesalamine in comparison to oral mesalamine alone showed a higher rate of mucosal absorption [19] , which supports the concept of combined therapy since the therapeutic effect of mesalamine correlates with its mucosal concentration [20] . Topical therapy foam enemas and liquid enemas are seen as equivalent treatment options for inducing remission [21] ; using low volume enemas might result in better patient compliance [22] . An equivalent alternative to rectal mesalamine may be rectal beclomethasone dipropionate [23] . Similar to topical rectal medication, single oral doses of mesalamine are non-inferior to divided doses per day [24] and should improve patient adherence [25] . Different from that is the dose response to oral mesalamine: concerning induction of remission, Ford et al. [26] showed in their meta-analysis evidence that doses of >2 g/day are more effective than doses of <2 g/day. The ASCEND trial even showed a benefit of double doses with 4.8 g/day at week 6 concerning mucosal healing and induction of remission, although there was no further benefit at week 8 [27] . Hence, the European guideline recommends at least 2 g mesalamine per day [7] . The use of systemic steroids needs to be addressed at the latest 14 days after treatment failure.
Extensive Colitis
The basic therapy recommendation for extensive mild to moderate UC is similar to that for distal or left-sided colitis [15] . A combined therapy using oral and topical 5-ASA medication is superior to single use of either. Also, there is no significant difference in the induction of remission concerning various 5-ASA formulations, although mesalamine is better tolerated [28, 29] . This is different for patients with limited distribution of UC where use of systemic corticosteroids should be considered earlier for those with extensive colitis and/or treatment failure and especially for patients already receiving immunomodulatory therapy [30] .
Severe Ulcerative Colitis of Any Extent
Severe UC is characterized by systemic disease activity with severe intestinal symptoms, well described by the easy-to-use Truelove and Witt criteria [11] . To provide an appropriate therapy for severe UC, patients generally require hospitalization, preferably at a specialized center with experience in treating high-risk patients; this reduces mortality to as little as 1% [31] . In these cases, steroid therapy is still the gold standard [32] . Severe acute UC should be treated with an initial intravenous dose of corticosteroids of 1 mg/ kg. While there are no data supporting a possible benefit of using doses above 60 mg/day [33] , doses of less than 15 mg/day are considered ineffective [34] . If no improvement is seen or symptoms are worsening after 72 h, the treatment strategy must be revised. The evaluation of clinical response should be based on comparative and objective laboratory and clinical parameters. If there is a lack of therapy response on day 3, second-line conventional therapy or proctocolectomy may be considered in patients with steroid-refractory colitis [33] . The perhaps most challenging task for physicians in this scenario is to not miss the time of treatment failure: the time point at which first-line conventional therapy fails and salvage therapy or surgery becomes absolutely necessary. The worst case scenario is an emergency colectomy with a 30-day mortality of up to of 5.2% [35] . Hence, these patients need to be cared for by a multidisciplinary team of gastroenterologists and colorectal surgeons from the day of admission; under those conditions, mortality rates of less than 1% and a pooled short-term colectomy rate of 27% are achievable [33] .
Theoretically, the term 'refractory colitis' implies an inadequate response to therapy on different levels. Therefore, the terms 'refractory' and 'therapy' require specification. Adequate response should indicate the return to normal bowel function without visible blood or cramping. Most experts equate failure of treatment with salicylates and steroid (topical and systemic) as an inadequate response after 6-8 weeks. In other settings such as acute severe colitis treated with intravenous corticosteroids, the response must be anticipated earlier. As mentioned above, the early therapeutic response to intravenous steroids after 3 days of treatment is a critical determinant of prognosis in acute severe UC. Patients that maintain more than 8 bloody stools per day and patients with 3-8 bloody stools per day and a C-reactive protein (CRP) level of >45 mg/l are likely to require colectomy. Stool frequency (>4 per day) and elevated CRP levels ( 25 mg/l) 3 days after the initiation of steroids are independent predictors for poor corticosteroid response and colectomy [36] . Moreover, rectal bleeding and platelet count on day 3 are factors that may predict non-response to intensified corticosteroid treatment [37] . Hypoalbuminemia at onset of therapy, mean stool frequency, and colonic dilatation within the first 3 days of treatment predict the need for short-term surgery. These factors have been combined to a severity score by Ho et al. [38] .
Steroid-Refractory Acute Severe Colitis -Calcineurin Inhibitors or Anti-TNF Antibodies?
As mentioned above, unresponsiveness to intravenous steroid treatment after 72 h predicts a worse prognosis. To avoid proctocolectomy in these cases, treatment options include the calcineurin inhibitors cyclosporine and tacrolimus as well as the anti-TNF antibodies. Generally, all of these treatment options seem to be similarly effective. The first randomized controlled trial that demonstrated the efficacy of cyclosporine in severe UC [39] included patients who did not respond to the equivalent of 300 mg intravenous hydrocortisone over 3 days with a 10 Lichtiger score of an arbitrarily defined clinical activity index. The trial was terminated prematurely after 9/11 (82%) patients responded to cyclosporine therapy compared to 0/9 patients in the placebo group. Colectomy rates were lower in the cyclosporine treatment group (27%) than in the placebo group (44%) [39] . In a second randomized trial, van Assche et al. [40] demonstrated that a lower cyclosporine dose (2 mg/kg, continuous 24-h infusion) was as effective as 4 mg/kg and resulted in response rates of more than 80% after 8 days of treatment. Predictors of short-term cyclosporine failure are quite similar to those of intravenous corticosteroid failure. Signs of systemic inflammation such as body temperature >37.5 ° C, tachycardia, elevated CRP, hypoalbuminemia, and elevated neutrophil band forms at initiation of cyclosporine therapy are predictive for non-response to cyclosporine and subsequent colectomy. Patients with severe endoscopic lesions had to undergo proctocolectomy more frequently than patients without severe endoscopic lesions (for review see [41] ). Uncontrolled data demonstrated that the efficacy of tacrolimus in severe steroid-refractory colitis seems to be similar to cyclosporine [42] [43] [44] [45] [46] . It is important to note that prophylaxis with sulfamethoxazol/trimethoprim 800/160 for the prevention of pneumocystis pneumonia should be considered for patients undergoing calcineurin inhibitor therapy, especially combination therapies.
In contrast to short-term responses, long-term remission rates after calcineurin inhibitor therapy are conflicting and highly dependent on sufficient maintenance therapy for UC. The majority of published studies and case series report a long-term colectomyfree survival of 40-60% [47] [48] [49] [50] . Thiopurine-naive patients that receive thiopurines after a short-term response to cyclosporine remain free from colectomy in 60-87% of cases [51, 52] . These results emphasize the necessity of an effective maintenance therapy in UC patients after a severe flare-up has been successfully treated with calcineurin inhibitors.
Several clinical trials have clearly demonstrated the short-term efficacy of infliximab (IFX; Remicade ® , Janssen Inc., Toronto, ON, Canada) as the first anti-TNF antibody in avoiding colectomy in patients with acute severe UC. The first positive randomized controlled trial (RCT) that investigated the efficacy and safety of IFX as a rescue therapy for acute steroid-refractory UC was performed in 45 patients with moderate to severe UC between 2001 and 2004 [53] . Patients who received a single dose of IFX were less likely to undergo colectomy within 90 days than placebo patients (7/24, 29% vs. 14/21, 67%). Retrospective studies on the efficacy of IFX in acute severe colitis demonstrated colectomy rates within 90 days of IFX treatment for severe steroid-refractory UC of 33% (13/39) in a Scottish cohort [54] and 30% (17/56) in a Danish cohort [55] . Kohn et al. [56] reported a colectomy-free short-term survival of 70% (70/83) after 2 months. Similar to data on intensified steroid treatment and calcineurin inhibitor rescue therapy, hypoalbuminemia <30 g/l at admission (odds ratio (OR) 6.9; p = 0.05) or <34 g/l after 3 days of steroid treatment (OR 12.0; p = 0.02) predicted a nonresponse to IFX and the need for colectomy [54] .
Based on this data, which therapeutic approach should be chosen for the individual patient with severe steroid-refractory UC? The various UC therapy trials are difficult to compare. Clinical heterogeneity, incomplete reporting of follow-up data, and different disease-defined endpoints across various clinical studies limit the assignability to individual patients. Therefore, head-to-head RCTs are critical in all areas of clinical medicine, including severe UC. A landmark randomized open-label trial by the GETAID group compared cyclosporine and IFX in UC patients with severe acute flareups after unsuccessful treatment with high-dose intravenous steroids [57] . The vast majority of the included patients (103/111; 93%) were thiopurine-naive. Treatment failure occurred in 60% of patients treated with cyclosporine and in 54% treated with IFX (p = 0.49). Similarly, early response after 7 days (85 vs. 86%) and colectomy rates after 98 days (18 vs. 21%) did not differ between the treatment groups. Therefore, an advantage of cyclosporine versus IFX was not confirmed in this first prospective RCT. In another retrospective analysis, the same effectiveness of cyclosporine and IFX therapy in the acute hospital setting was shown, although the hospital stay for IFX-treated patients was significantly shorter; on the other hand, total treatment costs within the first 3 months were significantly higher [58] .
Interestingly, very recently, long-term data comparing both drugs were reported [59] . The median follow-up of the entire cohort was 5.0 years; importantly, azathioprine was started at a dose of 2.5 mg/kg/day in all patients with clinical response at day 7. Colectomy-free survival rates at 1, 2, and 5 years were 70 ± 6%, 65 ± 6%, and 61 ± 7%, respectively, in patients randomized to cyclosporine, and 70 ± 6%, 68 ± 6%, and 65 ± 7%, respectively, in those randomized to IFX. Therefore, the prognosis was better than expected and data confirm long-term efficacy and safety profiles of these different treatment strategies and do not favor one drug over the other. This was confirmed by a retrospective analysis from Spain [60] . Overall, the long-term outcome with combined therapy including azathioprine is superior to monotherapy [61] .
Thus, for daily practice, the algorithm depicted in figure 2 seems to be an appropriate approach: In patients with acute steroid-refractory UC, treatment intensification should be considered when there is no improvement after 72 h. Patients already undergoing treatment with azathioprine should receive IFX (ensuring longterm remission with continued IFX therapy); azathioprine-naive patients could be treated with cyclosporine. Potential contraindications (e.g., calcineurin-inhibitors: seizures, IFX: abscess-related complications, history of tuberculosis, heart failure grade III/IV) should also be considered. Patients with very high risk (see above)
for failure of conservative therapy should be medicated with calcineurin inhibitors due to the much shorter biological half-life.
It is unclear whether the IFX data apply to other anti-TNF antibodies such as adalimumab and golimumab. There are no controlled studies available for adalimumab and golimumab in patients with steroid-refractory UC. In a retrospective multicenter study, Lequoy et al. [62] described remission rates of 63% after starting adalimumab therapy in patients with refractory colitis. However, the term 'refractory' was not further explained (see above); in addition, it is unclear how many patients had an acute severe flare-up. In a meta-analysis, induction therapy with IFX seemed to be slightly more effective in comparison to the other two antibodies, especially adalimumab [63] . Furthermore, it would be of interest whether the IFX (Remicade) data apply to other infliximab biosimilars in patients with steroid-refractory colitis. Currently, there are no clear recommendations available.
Supportive Therapy in Severe Cases
Supportive therapy is tremendously important for patients with severe acute UC. Additional treatments like adjusting electrolyte levels (unbalanced electrolyte levels can promote toxic dilatation) [64] , prophylactic heparin (UC patients are at higher risk of thromboembolism) [65] , blood transfusions, nutritional support, and exclusion of certain medication (non-steroidal anti-inflammatory drugs, opioids, etc.) [66] can help reduce complications. Supportive therapy therefore needs to be addressed with every patient admitted to hospital. Antibiotic treatment additional to the routinely given medication did not seem to have an impact on outcome (vancomycin [67] , intravenous tobramycin and metronidazole [68, 69] ). Therefore, antibiotic treatment should be used based on evidence of bacterial infection.
Innovations

Vedolizumab for Ulcerative Colitis
In UC, the inflammatory process is characterized by leukocytic infiltration of the intestinal lamina propria. Inhibition of integrinmediated leukocyte recruitment from the blood to the site of inflammation was therefore selected as a worthwhile target to control the inflammatory cascade [70] . Contrary to an earlier study integrin, i.e. natalizumab, vedolizumab specifically recognizes the α 4 β 7 integrin and subsequently selectively block gut lymphocyte trafficking without interfering with trafficking to the central nervous system [71] . In two landmark double-blind, placebo-controlled trials of vedolizumab in 895 patients with active UC, response rates with vedolizumab at week 6 were nearly double the rates in the placebo group (47 vs. 26%, respectively). After 1 year, more than 40% of patients who continued to receive vedolizumab were in clinical remission, as compared to 16% of patients who switched to placebo after a successful vedolizumab induction phase. Furthermore, significantly more patients were in steroid-free remission after 1 year of vedolizumab treatment as compared with placebo. The frequency of adverse events was similar in the vedolizumab and placebo groups, especially with regard to infections and infusion reactions [72] .
In Germany within the first year after EMA approval, vedolizumab is usually offered to patients who fail or stop to respond to TNF antagonists or are intolerant to these drugs (own unpublished data). In the GEMINI I trials, however, less than 50% of patients were previously treated with TNF antagonists. Therefore, the suitable indication for vedolizumab treatment in TNF-naive patients needs to be defined in every day care. In an indirect comparison with the ACT I trial, IFX induction therapy for UC was potentially faster than vedolizumab in the first weeks of therapy [73] . Theoretically, patients with a severe clinical course or cases with steroidrefractory UC could therefore recover faster with a TNF antagonist than with vedolizumab. In contrast, patients with a clinically wellcontrolled but steroid-dependent disease course could be better treated with vedolizumab in the long term. Patients at increased risk for severe infections, i.e. with a history of tuberculosis, cytomegalovirus colitis, asplenia, or elderly patients, could primarily be treated with vedolizumab due to its safety profile. Furthermore, future trials are needed to define the optimal dose, frequency of administration, and long-term efficacy and safety of vedolizumab used for induction and maintenance therapy of UC.
Fecal Microbiota Transplantation in Active Ulcerative Colitis
The importance of the intestinal microbiome in inflammatory bowel diseases such as UC was one of the key findings of recent years. Several studies demonstrated an imbalance of the normal enteric microbiota composition (termed dysbiosis), which influences the pathophysiology of UC [74, 75] . For example, a reduction in enteric microbiota diversity has been observed, mainly affecting the anti-inflammatory and/or butyrate-producing bacteria such as Faecalibacterium prausnitzii, Rosebura faecis, and Bacteroides ovatus [76] . Therefore, manipulation of this dysbiosis by employing various strategies including application of pre-and probiotics, antibiotics, or fecal microbiota transplantation (FMT), as an attempt to radically address disturbed microbial composition and diversity, could be an attractive approach for UC patients [77] . While some authors and small case reports/series reported a clear benefit, others could not find a beneficial effect and even saw adverse events in inflammatory bowel disease patients such as fever or diarrhea (for review see [78] ). In patients with UC, a ran domized controlled study comparing heterologous fecal microbiota with placebo showed positive effects in clinical outcomes [79] . However, very recently, a comparison of transplantation of heterologous and autologous fecal microbiome in patients with mild to moderate UC demonstrated no significant benefit for heterologous FMT [80] . Therefore, to date, there is insufficient data to recommend FMT in active UC.
Future Perspectives
Without doubt, anti-TNF antibodies have improved the therapy options in patients with UC. In daily clinical practice, there still is a substantial amount of patients either not responding at all to anti-TNF antibodies or experiencing a secondary loss of response. The effect of antibodies inhibiting migration of inflammatory cells into the gut mucosa (currently only vedolizumab is approved in Germany) are less efficient in this subgroup of patients with anti-TNF failure.
Beyond the pivotal role of TNFα in the network of proinflammatory mediators, recently several other main components involved in the pathophysiological processes in UC have been elucidated that may serve as therapeutic targets. Subsequently, new classes of drugs have been developed for the treatment of patients suffering from the disease and have been evaluated in early clinical trials. Additional antibodies directed against leukocyte integrin components such as etrolizumab (targeting β7 integrin as well as E-cadherin) [81] or PF-00547,659 (targeting endothelial MAdCAM-1) [82] are currently being evaluated. Tofacitinib is a small molecule selectively inhibiting Janus kinase (JAK) 1 and 3 over JAK2 that can be administered orally. Blockade of the JAK inhibits several pathways integral to lymphocyte activation, function, and proliferation, including interleukins 2, 4, 7, 9, 15, and 21, thereby influencing both innate and adaptive immune responses [83] . While showing a tolerable safety profile in UC patients, tofacitinib achieved a favorable clinical response rate at week 8 of up to 78% as compared to 42% in placebo-treated patients [84] . The most important modes of action of new drugs in the treatment of UC are reduction of T cell activation, blockade of cell adhesions molecules, and targeting of proinflammatory cytokines. Molecules currently being developed for the treatment of UC are summarized in table 1.
Concerning the increasing drug armamentarium in UC, direct head-to-head studies of new agents comparing them with existing therapies would advance the care of our patients and enable the best strategy to be selected in order to achieve better outcomes. Furthermore, it is important to identify predictive parameters for treatment response with different agents in individual patients.
